Patients with Myotonic Dystrophy (MyD) frequently suffer from a dysfunction of the primary sensory pathways, as documented by abnormalities of short-latency evoked potentials. Impairment of intellectual functions has been less extensively investigated. Short-latency brainstem auditory evoked potentials (BAEPs) as well as long-latency auditory event-related potentials (ERPs) were recorded from 5 female and 6 male patients affected by MyD. A simple discrimination ("oddball") paradigm was used to record ERPs to tones from Fz, Cz, Pz. Both BAEPs and ERPs were significantly altered as compared to normals. BAEP abnormalities were detected in 9 patients and ERP components N2 and P3 were delayed or absent for all patients, who nonetheless correctly discriminated between tones. These data indicate that CNS dysfunction in MyD involves not only primary sensory systems but also neural mechanisms underlying cognitive events and ERP generation. RESUME: Dystrophic myotonique : etude electrophysiologique du deficit cognitif. La Dystrophic Myotonique (DM) est generalement associee a des dysfonctions des afferences senorielles, comme cela a ete mis en evidence par les modifications des potentiels evoques precoces. Les troubles des fonctions superieures dus a la DM ont ete plus rarement etudids. Nous avons enregistre les potentiels evoques auditifs du tronc cerebral (brainstem auditory evoked potentials : BAEPs) et les potentiels lents cerebraux (Event-Related Potentials : ERPs) de 5 femmes et 6 hommes atteints de DM. Les ERPs ont ete recueillis dans un protocole de discrimination auditive ("oddball") en Fz, Cz et Pz. Nos resultats montrent a la fois une alteration significative des BAEPs et des ERPs chez ces sujets par rapport aux t6moins. Les BAEPs sont modifies chez 9 d'entre eux, et les composantes N2 et/ou P3 des ERPs sont retardees ou supprimees chez tous les patients, et ceci malgre une bonne discrimination auditive. Ces donnees montrent que les dysfonctions observees dans la DM ne concernent pas uniquement les systemes sensoriels primaires, mais aussi des mecanismes neuronaux sous-tendant les processus cognitifs et impliques dans la generation des ERPs.
Myotonic Dystrophy (MyD), an autosomal inherited multisystemic disorder, was originally characterized in terms of myotonia and muscular wasting. 1 It was subsequently found to involve the central nervous system (CNS) as well, including structural abnormalities such as cerebral atrophy, 2 thalamic neuronal inclusions, 34 ectopic isles of cortical tissue in white matter and discrete histologic anomalies in the frontal and occipital lobes. 5 Magnetic resonance-imaging (MRI) studies have recently revealed focal white matter and temporal lobe abnormalities. 67 On the functional side, electrophysiological investigations have shown MyD patients to have a high incidence of abnormalities in their electroencephalograms (EEGs) and evoked potentials (EPs). EEG alterations include a slowing of the background activity, focal abnormalities and a peculiar low-frequency alpha rhythm 8 -" as well as a disturbed EEG sleep pattern associated with central apnea. 12 ' 13 Modifications in short-latency EPs in three modalities (auditory, somatosensory, visual) have been reported in a number of studies, pointing to frequent subclinical involvement of the CNS sensory pathways. [14] [15] [16] [17] [18] [19] [20] [21] [22] We have reported anomalies attributable to dysfunction of the central visual pathways, namely an increase in retino-cortical activation time, in 70% of MyD patients. 23 Although short-latency EPs provide useful information about relatively simple sensory functions of the neuraxis, they are not sensitive to defects of higher neural functions. Indeed, the most frequent and clinically relevant CNS dysfunction in MyD is intellectual impairment which, although it can affect up to 70% of the patients, 24 has been explored only in a few neuropsychological studies. Scalp recorded event-related potentials (ERPs) have lately gained popularity in the clinical context as a tool for assessing cognitive deficits. 28 In particular, components N2 and P3 (or P300) of these long-latency EPs have proven to be sensitive to the information content of the eliciting stimulus (rather than to its physical properties) and have been associated with cognitive processing.
LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES
ERPs moreover, have been reported to be altered in dementias as well as in a number of neurological and psychiatric disorders involving cognitive defects. [30] [31] [32] [33] [34] [35] Alterations in the P300 component of auditory ERPs were noted in a group of MyD patients; 35 these investigators confined their study to this component only and provided no neuropsychological data.
In response to auditory stimulation, we recorded both longlatency ERPs and short-latency brainstem evoked potentials (BAEPs) in a group of confirmed MyD patients, who also underwent neuropsychological testing. Our aim was to obtain an overall view of CNS dysfunction in MyD by examining in each patient the neural transmission through the fast-conducting brainstem auditory pathways as well as the subsequent intracerebral processing of the acoustic signals. We sought to establish whether there is a pattern of cognitive dysfunction peculiar to MyD by analyzing in detail the various ERP components (Nl, P2, N2, P3) thought to reflect specific stages of information processing. 29 
MATERIALS AND METHODS
The subjects (members of 5 family groups, 5 females and 6 males, age range 17-79 years, mean 44) were MyD patients with the typical myotonic phenomenon. None of the patients was being medicated with any psychoactive drugs. The diagnosis was based on characteristic neuromuscular findings, systemic alterations, typical electromyographic abnormalities and dominant inheritance. Based on the degree of myotonia, muscular wasting and weakness (cf. 23), the disease was classified as severe in 4 patients, moderate in 4 and mild in the remainder (Table I) . Matrices 47) . The results were compared to those from a control group of 20 normal subjects, matched for age and sex. A score falling below the mean normal value by 1 SD or more on at least 3 tests was regarded as a significant degree of intellectual deterioration.
Electrophysiological Testing
Electrophysiological testing was carried out in a quiet room with patients in a comfortable sitting position.
Brainstem Auditory Evoked Potentials
BAEPs were elicited by 70 dB SL rarefaction clicks delivered at the rate of 10/sec, monaurally to each ear, through TDH-39 earphones. Brain electrical activity was recorded through subcutaneous stainless steel needles inserted at Cz (International 10-20 system) and right (M2) and left (Ml) mastoids. A ground electrode was applied to the forehead. All the peak (I, II, III, IV, V) and interpeak latencies (IPLs: I-III, III-V, I-V) as well as the IV-V/I amplitude ratio were measured by means of a digital cursor on the computer screen.
Results were compared with normative data obtained in a group of 40 normal adults, matched for age and sex. IPLs were considered abnormal when they exceeded mean normal values by 3 SD or more. A IV-V/I amplitude ratio < 0.5 was considered abnormal.
Event-Related Potentials
ERPs were obtained by means of a simple "oddball" paradigm using auditory stimulation. Two successive series of randomly intermixed tones (1000 Hz, overall probability 85%; 2000 Hz, probability 15%) were delivered binaurally through earphones at a rate of one tone (70 dB SL, 50 msec plateau time, 2 msec rise and fall slopes) every 1.1 sec. Subjects were required to keep a mental count of the rare tones and to report the number at the end of each series. EEG activity was recorded (filter bandpass: 0.1 -100 Hz; analysis time: 1 sec; sampling interval: 1.07 msec) from scalp Ag/AgCl electrodes at Fz, Cz, Pz (International 10-20 system), all referred to linked earlobe electrodes. Interelectrode impedance was always reduced to below 3000 ohms. Eye movements (electroculogram: EOG) were monitored through electrodes located on the nasion and the left zygomatic bone. Trials that contained EOG artifacts exceeding 100 |iV were automatically rejected from the averages. Responses to frequent (N = 100) and rare (N = 28 -30) tones were averaged separately and stored on flexible diskettes for off-line analysis. In each individual two series of responses were recorded and superimposed to check for reproducibility of components. In addition, digital subtraction of the "frequent" from "rare" waveforms yielded "difference" waveforms which permitted better identification of the N2 and P3 components. Peak latency and amplitude (peak-to-peak voltages) of components N1, P2, N2, P3 were measured in the averaged responses to the "rare" tones in MyD patients and these data were compared with those obtained from 36 age and sex-matched normal controls (age range 20-73 years, mean 42).
In our normal subjects, the latency of the P3 component increased significantly as a function of age, at a rate of 1.06 msec/year (r = 0.57, p < 0.001). Therefore, an MyD individual's P3 latency was defined as abnormal when it fell beyond the 95% confidence limits of the regression line relating P3 latency to age for our 36 controls. The latencies of components N1, P2 and N2, instead, as well as the amplitudes of all ERP components did not significantly change with age. On any of these ERP parameters, an MyD patient's value was considered abnormal when it deviated by 2.5 SDs or more from the corresponding mean of the control group.
In presenting and discussing our findings, we will concentrate on the data from the Cz electrode, where ERP components from normal subjects had their amplitude maxima.
RESULTS

Neuropsychological Testing
The psychometric assessment showed that 5 patients (patients 1, 4, 5, 9 and 11) had mild to moderate mental deficit, as measured by the Raven Progressive Matrices (RPM), and one (patient 2) was mentally retarded (Table 1) ; all patients, however, exhibited cognitive impairment of varying degree, particularly on tests involving visuo-spatial analysis and motor abilities (Double Barrage; Association of Symbol and Digit) which they performed poorly and very slowly.
Brainstem Auditory Evoked Potentials
Mean peak and interpeak latencies for BAEPs from the control group are presented in Table 2 . Our SD values for all IPLs were somewhat lower than those reported by other researchers 
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(37), which may be due to our low frequency cut-off of 200 Hz, instead of the more commonly used 100 Hz or less.
All patients presented normal click hearing thresholds and BAEPs with normal IV-V/I amplitude ratios and wave I latencies. In 9 out of 11 patients, however, the latencies of waves III and/or V were abnormally prolonged, and their IPLs exceeded norma] means by more than 3 SDs (Table 3) .
The IPL most often prolonged was I-V (in 13 out of 22 ears; in 4 patients it was bilaterally abnormal). The I-III IPL was abnormal in 7 ears (in 2 patients bilaterally) and the III-V IPL was altered in 8 ears (bilaterally so in 3 patients). Table 2 lists mean latencies and amplitudes for each ERP component in our normal sample. ERP waveforms recorded in a normal subject and in a representative patient are presented in Figure 1 .
Event-Related Potentials
During ERP recording all but one (patient 2) of the patients performed well on the counting task, detecting the rare stimuli with an accuracy greater than 90% (comparable to that of the normal controls whose mean percentage of correct detection -"hits" -was 94, with an SD of 7). ERP analysis, however, revealed abnormalities in all patients. The earlier components, Nl and P2, were proportionately less altered (in 9% and 45% of the patients) while component N2 was modified in 100% and P3 in 73% of the cases. More precisely, while the latency of Nl was significantly slowed in only one patient and that of P2 in five, N2 Was affected in all: its latency was abnormally lengthened in seven patients and this component could not even be identified in four. P3 could not be detected in five patients, four of which had a missing N2. For the other MyD patients, P3 latency was significantly increased in three of them (amplitudes remaining normal), while for the remainder, both P3 latency and amplitude fell within the normal range (Table 3 and Figure 2 ). Overall, ERPs were more altered in younger patients (patients 2, 4, 5) for whom neither component N2 nor P3 could be recorded (Figure 3 ). These patients, all offspring of affected parents, had manifested an earlier disease onset than their parents and all showed impairment in the neuropsychological investigation. BAEP and ERP changes were not correlated with the disease's duration or severity (expressed as degree of motor disability): none of the Fisher exact test values (BAEP and ERP latencies vs disease duration and severity) turned out to be significant (p always > 0.05). A significant negative correlation, however, was found for MyD patients between latency of component N2 and their RPM score (Kendall rank correlation coefficient:-0.529; p < 0.01).
DISCUSSION
The most striking finding of the present study is that 100% of our MyD patients showed electrophysiological anomalies reflecting CNS dysfunction. These neurophysiological abnor- malities were unrelated both to the motor deficits caused by muscular degeneration and to the duration of the disease. Our results from 11 MyD patients agree with those obtained on a larger population 27 which showed neuropsychological deficit in MyD to be largely congenital, independent of progressive motor symptoms and relatively stable over time. 
THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES
The elctrophysiological procedures we employed (BAEPs and ERPs) explore the function of neural structures located at different CNS levels. BAEPs reflect the activity of fiber tracts and nuclei within the brainstem. 38 ERPs are generated by activity and interaction of multiple neuronal sources in cortical and subcortical cerebral regions: the superior temporal plane and lateral superior temporal gyrus are recognized generators for component Nl; 3 9 the frontal lobe, 4 the temporo-parietal junction, 4142 limbic 43 and thalamic 44 structures have been proposed as possible sources of components N2 and P3.
The BAEP and ERP abnormalities we observed indicate a diffuse, often subclinical, involvement of the CNS implying: 1) a slowing of impulse propagation in central afferent fibers, already noted in a number of studies 16 -182123 and similar to the reduction in sensory conduction observed in peripheral nerves, 45 and 2) a dysfunction of different neuronal populations in the brain, whose patterned activities underlie cognitive events and ERP generation.
In addition, the fact that BAEP and ERP anomalies tended to be associated in many but not all patients (see patients 1 and 8 in Table 3 ) supports the notion that the pathological process in MyD can separately affect different parts of the CNS. 21 ERPs turned out to play the major role in detecting CNS malfunction: their N2 and P3 components were abnormal in all our MyD patients. Both components, obtained in an auditory "oddball" task, have been associated with cognitive processes: N2 has been linked with stimulus categorization 46 while P3 may reflect psychological processes such as stimulus evaluation time, 47 updating of an internal memory template subsequent to stimulus evaluation, 48 -49 and "controlled" cognitive processi n g^
On the other hand ERP component N1, thought to reflect earlier processes involved in sensory evaluation and selective attention as well as general level of arousal, 39 was normal in 9 out of 11 patients. The preservation of this component (together with the patients' ability to correctly perform the counting task) rules out marked sensory defects or attention disturbances.
This points to a more subtle disorder in cognitive processing in our group of MyD patients, occurring after the perception of acoustic stimuli and reflected in the abnormalities of the N2 and P3 components of auditory ERPs.
It seems paradoxical that subjects who performed poorly on the neuropsychological test battery could achieve a 90% accuracy on the rare-tone counting task. The latter, however, involves a simple sensory discrimination basically unaffected in MyD, whereas psychometric tests explore complex, higher mental functions that are compromised by the disease.
These ERP data agree with those of a previous study 36 in which P3 abnormalities were found in 6 out of 8 MyD patients. In our series of patients, however, the most altered component was N2, which was abnormal in the entire group and was also the only ERP component correlated with a global neuropsychological measure of cognition (the RPM test). Thus, in addition to P3, component N2 can serve as a sensitive index of cognitive impairment in different patient populations. 32 , 33, 35, 46 On the clinical level, our findings point to the advisability of routinely recording evoked potentials in individuals affected by or at risk for MyD. EPs are particularly useful in localizing brain structures involved in the disease. ERPs moreover can reveal aspects of cognitive functions not measured by standard neuropsychological tests. Hence a combination of these procedures may yield a more accurate picture of cognitive functions in MyD patients and may be useful for purposes of educational and vocational counselling.
Our electrophysiological protocol has shown itself to be highly sensitive in detecting subclinical CNS malfunction, which may occur long before MyD symptoms become clinically evident. These neurophysiological techniques might therefore serve as a tool in the early detection of MyD and could be applied to relatives of MyD patients at risk for developing the disease.
